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Description 

Process for the preparation of ethylene copolymers, and their use as additives to 
mineral oil and mineral oil distillates. 

The present invention relates to a process for the preparation of terpolymers of 
ethylene, one or more vinyl esters or acrylates, and further olefinically unsaturated 
compounds, and to the use of the resultant copolymers for improving the cold-flow 
properties of mineral oils and mineral oil distillates. 

Crude oils and middle distillates obtained by distillation of crude oils, such as gas oil, 
diesel oil or heating oil, contain, depending on the origin of the crude oils, various 
. amounts of n-paraffins, which, when the temperature is reduced, crystallize out as 
platelet-shaped crystals and in some cases agglomerate with inclusion of oil. This 
crystallization and agglomeration causes an impairment of the flow properties of the 
oils or distillates, which can result in problems during the recovery, transport, storage 
and/or use of the mineral oils and mineral oil distillates. During transport of mineral 
oils through pipelines, the crystallization phenomenon can cause deposits on the 
walls of the pipes, especially in winter, and in individual cases, for example during 
stoppage in a pipeline, can even cause complete blocking thereof. During storage 
and further processing of the mineral oils, it may furthermore be necessary in winter 
to store the mineral oils in heated tanks. In the case of mineral oil distillates, the 
crystallization may result in blockage of the filters in diesel engines and furnaces, 
preventing reliable metering of the fuels and in some cases causing complete 
interruption of the supply of the fuel or heating medium. 

In addition to the classical methods of eliminating the crystallized paraffins (thermal, 
mechanical or using solvents), which merely involve removal of the precipitates 
which have already formed, recent years have seen the development of chemical 
additives (so-called flow improvers), which, by interacting physically with the 



precipitating paraffin crystals, result in their shape, size and adhesion properties 
being modified. The additives act as additional crystal nuclei and in some cases 
crystallize with the paraffins, resulting in an increased number of relatively small 
paraffin crystals having a modified crystal shape. The modified paraffin crystals have 
a lower tendency toward agglomeration, so that the oils to which these additives 
have been added can still be pumped and/or processed at temperatures which are 
frequently more than 20° lower than in the case of oils containing no additives. 

Typical flow improvers for mineral oils and mineral oil distillates are copolymers and 
terpolymers of ethylene with carboxylates of vinyl alcohol, esters of acrylic or 
methacrylic acid and/or olefins. 

EP-A-0 493 796 discloses terpolymers consisting of ethylene, 5-35% by weight of 
vinyl acetate and 1-25% by weight of vinyl neononanoate or neodecanoate, a 
process for their preparation, and their use as flow improvers for middle distillates. 

DE-A-19 620 118 discloses terpolymers of ethylene, vinyl esters and 
4-methyIpentene which have improved solubility, a process for their preparation, and 
additive concentrates having a lowered inherent pour point prepared therefrom. 

EP-A-0 203 554 discloses the use of terpolymers comprising, in addition to ethylene, 
from 0.5 to 20% by weight of diisobutylene and from 20 to 35% by weight of vinyl 
acetate (based on the terpolymer) and having a mean molecular weight of from 500 
to 10,000, as additives for mineral oils and mineral oil distillates. 

EP-A-0 099 646 discloses terpolymers having molecular weights of from 1500 to 
5500 which comprise ethylene, from 10 to 20% by weight of vinyl acetate and from 3 
to 15% by weight of an isoolefin and which contain, per 100 methylene groups, from 
6 to 15 methyl groups which do not originate from the vinyl acetate. 

EP-A-0 648 257 discloses terpolymers made from ethylene and 2 vinyl esters 



carrying acid radicals having a maximum of 8 carbon atoms, as constituents of a fuel 
oil composition. 

EP-A-0 649 445 discloses terpolymers made from ethylene and two vinyl esters 
and/or acrylates in a proportion of up to 10 mol%, where the esters carry side chains 
having a maximum of 8 carbon atoms, as a constituent of fuel oil compositions. 

EP-A-0 271 738 discloses a process for the preparation of copolymers of ethylene 
and esters of vinyl alcohol, acrylic acid or methacrylic acid by polymerization of 
monomer streams of different quantitative composition in a tubular reactor, and the 
use of these copolymers as flow improvers. 

However, the terpolymers prepared by the prior-art process (EP 271 738) do not 
have the properties that would be expected of them on the basis of their monomer 
composition. For example, the terpolymers prepared in this way frequently impair the 
filterability of the oils in which they are present or their effectiveness is in many 
cases unsatisfactory. For example, the terpolymers of EP-A-0 493 796 have very 
good solubility, but they are ineffective in certain oils. The products prepared by the 
process of EP-A-0 271 738 have improved effectiveness, but impair the filterability of 
the oils to which they have been added. 

The object was therefore to find a new process for terpolymerization which gives 
terpolymers whose properties can be controlled better via the specific properties of 
the various monomers. 

Surprisingly, it has been found that improved terpolymers made from ethylene and at 
least two further comonomers can be obtained if the terpolymerization is carried out 
in a tubular reactor with a side branch and the fresh comonomers are fed in 
separately from one another via different reactor inlets. 

^The olefinically unsaturated compounds which make up the further comonomers are 



preferably vinyl esters, acrylates, methacrylates, alkyl vinyl ethers and/or alkenes. 

The vinyl esters are preferably those of the formula 1 

CH 2 =CH-OCOR 1 (1) 

in which R 1 is C r to C 30 -alkyl, preferably C r to C 16 -alkyl, especially C r to C 12 -alkyl. 

In a further preferred embodiment, R 1 is a neoalkyl radical having 7 to 1 1 carbon 
atoms, in particular having 8, 9 or 10 carbon atoms. Suitable vinyl esters include 
vinyl acetate, vinyl propionate, 2-ethylhexanoic acid vinyl ester, vinyl laurate, vinyl 
neononanoate, vinyl neodecanoate and vinyl neoundecanoate. 

The acrylates are preferably those of the formula 2 

CH 2 =CR 2 -COOR 3 (2) 

in which R 2 is hydrogen or methyl and R 3 is C r to Cao-alkyl, preferably C r to C 16 - 
alkyl, especially C r to C 12 -alkyl. Suitable acrylates include methyl acrylate, methyl 
methacrylate, ethyl acrylate and 2-ethyIhexyl acrylate. 

The alkyl vinyl ethers are preferably compounds of the formula 3 

CH 2 =CH-OR 4 (3) 

in which R 4 is C r to C 30 -alkyI, preferably C r to C 16 -alkyl, especially C r to C 12 -alkyl. 

The alkenes are preferably monounsaturated hydrocarbons having 3 to 30 carbon 
atoms, in particular 4 to 16 carbon atoms, especially 5 to 12 carbon atoms. Suitable 
alkenes include isobutylene, diisobutylene, 4-methylpentene, hexene, octene and 
norbomene. 



Particular preference is given to terpolymers in which one of the radicals R\ R 3 and 
R 4 is C r or C 2 -alkyl and the other radical R\ R 3 or R 4 is C 4 - to C 16 -alkyl, in particular 
C 6 - to C 12 -alkyl or an alkene. 

In a preferred embodiment of the invention, the fresh monomer components are 
introduced in the main stream and in a secondary stream. In the main stream, 
ethylene is introduced as a mixture with one of the two further comonomers. In the 
secondary stream, ethylene is introduced as a mixture with the other comonomer. 

In a further preferred embodiment of the invention, the fresh monomer components 
are introduced in the main stream and in two secondary streams. In this 
embodiment, there are various preferred variants: 

A) In the main stream, ethylene is introduced as a mixture with one of the two 
further comonomers. In each of the secondary streams, ethylene is 
introduced as a mixture with the other of the further comonomers. The 
proportion of the further comonomers in the secondary streams can be the 
same or different. 

B) In the main stream, ethylene is introduced, in the first secondary stream, one 
of the further comonomers is introduced, and in the second secondary 
stream, the second of the further comonomers is introduced. 

In a further preferred embodiment of the invention, the fresh monomer components 
are introduced in the main stream and in three secondary streams. In these cases, it 
is preferred to introduce a mixture of ethylene and a further comonomer via the 
primary stream and a secondary stream, and to introduce a mixture of ethylene and 
the other of the comonomers via the two further secondary streams. A particularly 
preferred embodiment comprises introducing a mixture of ethylene and a further 
comonomer in the primary stream and introducing a mixture of ethylene and the 
other comonomer in all three secondary streams. In a further embodiment, ethylene 



is introduced in the primary stream, a further comonomer is introduced in the first 
secondary stream and the other comonomer is introduced in the two remaining 
secondary streams. 

Correspondingly, the terpolymerization can also be carried out in tubular reactors 
having 4 or more secondary streams. 

It is preferred to introduce the comonomer of lower copolymerization factor in the 
primary stream. It is furthermore preferred to introduce the comonomer of higher 
boiling point in the primary stream. 

In general, the residual monomers which are not consumed are recycled and 
reintroduced into the reactor. The reintroduction can take place, after the residual 
monomer mixture has been separated off, in the primary and/or secondary stream. It 
is preferably carried out in the secondary stream. 

The polymerization is preferably carried out at pressures of from 50 to 400 MPa, 
preferably from 120 to 300 MPa, and at temperatures of from 150 to 350°C, 
preferably from 100 to 300°C. The polymerization initiators used are advantageously 
oxygen, hydroperoxides, peroxides and azo compounds in the form of a 1 to 30% 
strength by weight solution. Suitable solvents are, in particular, aliphatic 
hydrocarbons and hydrocarbon mixtures. 

In the process according to the invention, at least two monomer streams of different 
composition are fed into the reactor. The first monomer stream (primary stream) is 
introduced into the reactor via the reactor inlet. At least one second monomer 
stream (secondary stream) is introduced into the reactor via at least one side 
branch. The term side branch is taken to mean any introduction point along the 
reactor via which monomers and/or polymerization auxiliaries, namely initiators and 
regulators, can be fed into the reactor. 



In the primary stream, the comonomer content is preferably from 3 to 200 parts by 
weight, in particular from 7 to 100 parts by weight, per 100 parts by weight of 
ethylene. 

The secondary stream preferably contains from 10 to 500 parts by weight, in 
particular from 20 to 300 parts by weight, of the further comonomer per 100 parts by 
weight of ethylene. 

Preferred initiator contents in the primary stream are from 50 to 10,000 ppm by 
weight, preferably from 50 to 1000 ppm by weight, and those in the secondary 
stream are from 100 to 10,000 ppm by weight, preferably from 200 to 2000 ppm by 
weight, in each case based on the monomer mixture. 

In order to set the molar mass, polymerization regulators are generally added to the 
primary and secondary streams. Depending on the type of regulator and the desired 
viscosity, which is a measure of the molar mass, the regulator concentration in the 
two streams is identical or different and is preferably from 0.05 to 20% by weight, 
based on the monomer mixture. Examples of regulators are hydrogen, saturated or 
unsaturated hydrocarbons, such as, for example, propane or propene, aldehydes, 
such as, for example, propionaldehyde, n-butyraldehyde or isobutyraldehyde, 
ketones such as, for example, acetone, methyl ethyl ketone, methyl isobutyl ketone 
or cyclohexanone, or alcohols, such as, for example, butanol. The primary stream 
preferably contains from 0.1 to 10% by weight of regulator, and the secondary 
stream from 0.1 to 5% by weight of regulator, based on the monomer mixture. 

In general, approximately equal volumes of the monomer mixture are fed to the 
reactor inlet and the side branch or branches, i.e. the volume ratio between the 
primary and secondary stream is about 1:1. However, it is entirely possible to use 
different volume ratios. It has proven successful to maintain a ratio in the range from 
1:0.2 to 5 (in parts by vol.), in particular from 1:0.3 to 3, between the primary and 
secondary streams. 
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The secondary stream can be introduced into the reactor via a single side branch or 
in sub-streams via a plurality of side branches. It is preferred to use from 1 to 3 
sub-streams, in particular 3 sub-streams. 

The amount of secondary stream component introduced into the reactor via the 
individual side branches depends on the temperature range, i.e. the maximum and 
minimum temperatures, to be observed in the reactor. 

The ethylene terpolymers prepared by the process according to the invention 
contain from 15 to 55 parts by weight of comonomers per 100 parts by weight of 
ethylene. In order to achieve this composition in the polymer, it is necessary to 
employ, under the reaction conditions selected, comonomer mixtures which take into 
account the copolymerization parameters of the comonomers employed and contain 
in total (i.e. as the sum of the contents in the primary and secondary streams) from 
about 2 to 40% by weight of further comonomers. 

The ethylene copolymers obtained in accordance with the invention generally have a 
viscosity, measured at 140°C using a rotational viscometer (for example from 
Haake) in accordance with EN 3219, of between 30 and 10,000 mPas, preferably 
from 50 to 5,000 mPas, in particular from 50 to 1000 mPas. The viscosity is adjusted 
in a known manner by adding polymerization regulators to the monomer mixture. 

The terpolymers according to the invention contain methyl groups originating on the 
one hand from the structure of the comonomer molecules, such as, for example, 
CH 3 groups from the vinyl neocarboxylates, terminal CH 3 groups in the alkyl radicals 
or olefins, and on the other hand from the ethylene polymerization mechanism. The 
number of methyl groups is determined, for example, by 'H-NMR spectroscopy. The 
terpolymers preferably contain from 2 to 15, in particular from 3 to 11. CH 3 groups 
per 100 CH 2 groups with the exception of the CH 3 groups originating from vinyl 
acetate as the vinyl ester. 



The polymerization is preferably carried out in tubular reactors known per se having 
a lengthrdiameter ratio in the range from about 10,000:1 to 100,000:1. The lower 
limit for this ratio is preferably about 20,000:1 , in particular about 25,000:1 . The 
upper limit is preferably about 80,000:1 , in particular about 60,000:1 . Tubular 
reactors usually have a length of from about 200 to 4000 m, the lower limit 
preferably being about 250 m and the upper limit preferably being about 3000 m, in 
particular 2000 m. 

The temperature is regulated in accordance with the prior art by cooling the tubular 
reactor and through the secondary stream introduced into the reactor via at least 
one side branch. The temperature of the secondary stream is from 0 to 60°C. The 
points of introduction of the secondary stream into the tubular reactor are selected 
so as to form 2 to 4 reaction zones in which the reaction mixture has approximately 
the same residence time. 

The polymers prepared according to the invention are added to mineral oils or 
mineral oil distillates in the form of solutions or dispersions comprising from 1 to 90% 
by weight, in particular from 10 to 80% by weight (based on the solution) of the 
polymers. Suitable solvents are aliphatic and/or aromatic hydrocarbons or 
hydrocarbon mixtures, for example gasoline fractions, kerosene, decane, 
pentadecane, toluene, xylene, ethylbenzene or commercial solvent mixtures, such 
as solvent naphtha, Shellsol AB, Solvesso 150, Solvesso 200 and Exxsol, Isopar 
and Shellsol D grades. Kerosene is particularly suitable. Mineral oils and mineral oil 
fractions whose Theological properties have been improved by the novel polymeric 
compounds preferably contain from 0.001 to 2% by weight, |n particular from 0.005 
to 0.5% by weight, of copolymer. 

The copolymers according to the invention can furthermore be used, as flow 
improvers, in the form of mixtures consisting of polymers of the claimed type, but 
with different qualitative and/or quantitative composition and/or different viscosity 
(measured at 140°C). The mixing ratio (in parts by weight) of the copolymers can be 
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varied over a broad range and can be, for example, from 20:1 to 1:20, preferably 
from 10:1 to 1:10. In this way, the flow improvers can be matched specifically to 
individual requirements. 

In order to produce additive packages for specific problem solutions, the polymers 
prepared in accordance with the invention can also be employed together with one 
or more oil-soluble coadditives which, even on their own, improve the cold-flow 
properties of crude oils, lubricating oils or fuel oils. Examples of such coadditives are 
copolymers containing vinyl acetate or terpolymers of ethylene, polar compounds 
which effect paraffin dispersal (paraffin dispersants) and comb polymers. 

For example, mixtures of the terpolymers according to the invention with copolymers 
comprising from 10 to 40% by weight of vinyl acetate and from 60 to 90% by weight 
of ethylene have proven highly successful. In a further embodiment of the invention, 
the terpolymers prepared in accordance with the invention are employed, as a 
mixture with ethylene-vinyl acetate-vinyl neononanoate terpolymers or ethylene-vinyl 
acetate-vinyl neodecanoate terpolymers, for improving the flow properties of mineral 
oils or mineral oil distillates. The terpolymers of vinyl neononanoate or of vinyl 
neodecanoate contain, besides ethylene, from 10 to 35% by weight of vinyl acetate 
and from 1 to 25% by weight of the particular neo compound. The mixing ratio of the 
terpolymers prepared in accordance with the invention with the above-described 
ethylene-vinyl acetate copolymers or the terpolymers of ethylene, vinyl acetate and 
the vinyl esters of neononanoic or neodecanoic acid is (in parts by weight) from 20:1 
to 1:20, preferably from 10:1 to 1:10. 

For use as flow improvers, the terpolymers prepared in accordance with the 
invention can furthermore be employed as a mixture with paraffin dispersants. These 
additives reduce the size of the paraffin crystals and make sure that the paraffin 
particles do not separate out, but instead remain colloidally dispersed with 
significantly reduced sedimentation effort. Paraffin dispersants which have proven 
successful are oil-soluble polar compounds containing ionic or polar groups, for 
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example amine salts and/or amides obtained by reaction of aliphatic or aromatic 
amines, preferably long-chain aliphatic amines, with aliphatic or aromatic mono-, di-, 
tri- or tetracarboxylic acids or their anhydrides (cf. US 4,21 1 ,534). Other paraffin 
dispersants are copolymers of maleic anhydride and a ^-unsaturated compounds, 
5 which can, if desired, be reacted with primary monoalkylamines and/or aliphatic 

alcohols (cf. EP 0 154 177), the products of the reaction of alkenylspirobislactones 
with amines (cf. EP 0 413 279), and, according to EP 0 606 055, products of the 
reaction of terpolymers based on a.fi-unsaturated dicarboxylic anhydrides, 
j i a,(3>-unsaturated compounds and polyoxyalkylene ethers of lower unsaturated 
10 alcohols. 

Finally, in a further variant of the invention which has proven successful, the 
terpolymers prepared in accordance with the invention are used as flow improvers 
together with comb polymers. These are taken to mean polymers in which 

1 5 hydrocarbon radicals having at least 8, in particular at least 10, carbon atoms are 
bonded to a polymer backbone. These are preferably homopolymers whose alkyl 
side chains contain at least 8 and in particular at least 10 carbon atoms. In the case 
of copolymers, at least 20%, preferably at least 30%, of the monomers have side 
chains (cf. Comb-like Polymers-Structure and Properties; N.A. Plate and V.P. 

20 Shibaev, J. Polym. Sci. Macromolecular Revs. 1974, 8, 117 ff): Examples of suitable 
comb polymers are fumarate/vinyl acetate copolymers (cf. EP 0 153 176 A1) f 
copolymers made from a C 6 - to C 24 -a-oIefin and a N-C 6 - to C 22 -alkylmaIeimide 
(cf. EP 0 320 766), further esterified olefin/maleic anhydride copolymers, polymers 
and copolymers of a-olefins and esterified copolymers of styrene and maleic 

25 anhydride. 

For example, comb polymers can be described by the formula 
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in which 



i 


A 


is R\ COOR, OCOR\ R"-COOR' or OR'; 


TO 


D 


is H, CH 3 , A or R"; 




E 


is H or A; 




G 


is H, R", R'-COOR", an aryl radical or a heterocyclic radical; 




M 


is H, COOR", OCOR", OR" or COOH; 




N 


is H, R", COOR", OCOR, COOH or an aryl radical; 
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R' 


is a hydrocarbon chain having 8-50 carbon atoms; 




R" 


is a hydrocarbon chain having 1 to 10 carbon atoms; 




m 


is a number between 0.4 and 1.0, and 




n 


is a number between 0 and 0.6. 



20 The mixing ratio (in parts by weight) of the terpolymers prepared in accordance with 
the invention with paraffin dispersants or comb polymers is in each case from 1 :10 to 
20:1, preferably from 1:1 to 10:1. 

The polymers according to the invention improve the flow properties both of mineral 
25 oils, oils of vegetable or animal origin and of mineral oil distillates. They do not 
impair the filterability of the oils to which they have been added, even above the 
cloud point. The term mineral oils is taken to mean, in particular, crude oils, 
distillation residues and mineral oil distillates. The. term mineral oil distillates is taken 
to mean hydrocarbon fractions having a boiling point of between about 150 and 
30 450°C. These include, for example, petroleum, light heating oils and diesel fuel. Of 
particular importance are the middle distillates such as heating oil EL. and diesel fuel. 
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The polymers can be used alone or together with other additives, for example with 
other pour point depressants or dewaxing aids, with corrosion inhibitors, 
antioxidants, sludge inhibitors, lubricity additives, dehazers and additives for 
lowering the cloud point. 

5 

The effectiveness of the polymers according to the invention as flow improvers is 
illustrated in greater detail by the examples below. 

j . The effectiveness of the copolymers investigated for improving the flow properties is 
1 0 described with reference to the "cold filter plugging point test" (CFPP test). The test 

is carried out in accordance with EN 116. It has also been published in J. Inst. 

Petro., Vol. 52, June 1966, pages 173 to 185. Various mineral oil distillates, Test 

Oils 1 to 3, are used for the testing. 

15 Examples 
Example 1 

The polymerization is carried out in a tubular reactor with a length of 500 m and a 
mean diameter of 30 mm with 3 side branches at 210°C and 200 MPa using 

20 peroxides dissolved in a hydrocarbon mixture as initiator. The primary gas stream is 
fed to the reactor inlet; the secondary gas stream is introduced into the reactor via 
the three side branches in the weight ratio 1:1.3:1.6. The points of introduction of the 
monomer mixture are selected so as to form four reaction zones in which the 
reaction mixture has approximately the same residence time. The polymerization 

25 mixture is decompressed via a high-pressure separator and a low-pressure 

separator, and the polymer is separated from unreacted monomer. The residual 
monomers and fresh ethylene are recompressed to the reaction pressure and fed 
back into, the reactor distributed equally over the primary and secondary gas 
streams. Fresh vinyl neodecanoate is added in the primary stream; vinyl acetate and 

30 methyl ethyl ketone are metered into the secondary stream. The reaction 
temperature is established through metered addition of initiator. 



1 
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Ethylene: 
Vinyl acetate: 
Vinyl neodecanoate: 
Methyl ethyl ketone (MEK) 



720 parts by weight 
605 parts by weight 
192 parts by weight 
92 parts by weight 



Example 2 

The polymerization is carried out as described in Example 1 at 240°C and 170 MPa 
using the following composition of the gas streams: 



1 0 Ethylene: 

Vinyl acetate: 
Vinyl neodecanoate: 
Methyl ethyl ketone (MEK) 



1000 parts by weight 
642 parts by weight 
158 parts by weight 
80 parts by weight 



1 5 Example 3 

The polymerization is carried out as described in Example 1 at 200°C and 190 MPa 
with two feed points in the secondary gas stream. Vinyl neodecanoate is replaced by 
4-methyI-1 -pentene. 

20 Ethylene: 1 000 parts by weight 

Vinyl acetate: 642 parts by weight 

4-MethyI-1 -pentene 270 parts by weight 

Methyl ethyl ketone (MEK) 80 parts by weight 

25 Comparative Examples 1 and 2 

The polymerization is carried out as described in Example 1 at 200°C and 205 MPa 
with metering of the two comonomers into the secondary stream (as described in EP 
271738): 



30 



Ethylene: 



Comp. Example 1 Comp. Example 2 

900 parts by weight 950 parts by weight 
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Vinyl acetate: 418 parts by weight 

Vinyl neodecanoate 132 parts by weight 
Methyl ethyl ketone (MEK) 64 parts by weight 



642 parts by weight 
132 parts by weight 
64 parts by weight 



Comparative Example 3 

The polymerization is carried out as described in Example 1 at 205°C and 200 MPa, 
but with metering of all comonomers and the moderator into the return gas, 
producing primary and secondary gas streams having the same composition: 



10 Ethylene: 

Vinyl acetate: 
Vinyl neodecanoate 
Methyl ethyl ketone (MEK) 



1300 parts by weight 
725 parts by weight 
259 parts by weight 
-96 parts by weight 
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20 



Table 1 : Characterization of the additives (VAc = vinyl acetate; 
data in % by weight) 
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VAc 


v 140 


Termonomer 


Example 1 


29.3 % 


218 mPas 


9.4% VeoVa 10 


Example 2 


31.7 % 


270 mPas 


6.4% VeoVa 10 


Example 3 


30.4% 


195 mPas 


4.7% 4-methylpentene 










Comparison 1 


27.0 % 


124 mPas 


6.8 VeoVa 


Comparison 2 


34.3 % 


383 mPas 


5.9 VeoVa 


Comparison 3 


31.0 % 


120 mPas 


8.2 VeoVa 



16 



Table 2: Characterization of the test oils 

The boiling characteristics are determined in accordance with ASTM D-86, the 
CFPP value is determined in accordance with EN 1 16, and the cloud point is 
determined in accordance with ISO 3015. 
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Test Oil 1 


Test Oil 2 


Test Oil 3 


Commencement 
of boiling 


184°C 


182°C 


199°C 


20% 


258°C 


236°C 


247°C 


30% 


271 °C 


253°C 


263°C 


90% 


329°C 


357°C 


355°C 


95% 


344°C 


375°C 


374°C 


Cloud point 


-5°C 


2°C 


2°C 


CFPP 


-9°C 


0°C 


-1°C 




(90-20) % 


71°C 


121 °C 


108°C 


S content ppm 


365 


1835 


754 



20 Solubility of the terpolymers 

The solubility behavior of the terpolymers is determined in the British Rail test as 
follows: 400 ppm of a dispersion of the polymer in kerosene at 22°C are metered 
into 200 ml of the test oil at 22°C, and the mixture is shaken vigorously for 
30 seconds. After storage for 24 hours at +3°C, the mixture is shaken for 

25 1 5 seconds and then filtered at 3°C in three 50 ml portions through a 1 .6 urn glass 

fiber microfilter (0 25 mm; Whatman GFA, Order No. 1820025). The three filtration 

times T 1f T 2 and T 3 are used to calculate the ADT value as follows: 

(Ta-T,) 

ADT = -50 

30 T 2 
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An ADT value of <; 15 is regarded as an indication that the gas oil will have 
satisfactory use properties in "normal" cold weather. Products having ADT values of 
> 25 are referred to as non-filterable. 

5 

Table 3: Filterability of Test Oil 1 with additive 





ADT 


Blank value (without additive) 


3.0 


Example 1 


6.1 


Example 2 


9.1 


Example 3 


7.4 






Comparative Example 1 


36 


Comparative Example 2 


39 


Comparative Example 3 


5.4 



Table 4: CFPP effectiveness 



Ex. 


Test Oil 2 


Test Oil 3 




50 ppm 


100 ppm 


200 ppm 


300 ppm 


50 ppm 


100 ppm 


200 ppm 


300 ppm I 


1 


-9 


-13 


-15 


-15 


-8 


-12 


-16 


-17 


2 


-5 


-12 


-14 


-16 


-9 


-13 


-15 


-15 


3 


-6 


-11 


-14 


-17 


-8 


-14 


-16 


-19 




















Comp. 


-7 


-11 


-13 


-16 


-10 


-12 


-13 


-18 


Comp. 


-7 


-11 


-14 


-15 


-8 


-13 


-14 


-15 


Comp. 




-2 


-12 


-14 


-1 


-2 


-12 


-4 . 
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List of trade names used 



Solvent naphtha 
®Shellsol AB 
®Solvesso 150 



aromatic solvent mixtures having a 
boiling range of from 180 to 210°C 



®So!vesso 200 



aromatic solvent mixture having a boiling 
range of from 230 to 287°C 



®Exxsol 



dearomatized solvents in various boiling 
ranges, for example ®Exxsol D60: 
187 to215°C 



®ISOPAR (Exxon) 



isoparaffinic solvent mixtures in various 
boiling ranges, for example ®ISOPAR L: 
190to210°C 



®Shellsol D 



principally aliphatic solvent mixtures in various boiling 
ranges 



